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•57S Supplementary Topics 

We sec that for the purely resistive frequency range 0 g to<r, the con-, 
ductivity o(co> is real and is equal to its DC (zero frequency) value cr(O). 
The velocity x is then in phase? with 

The complex electric susceptibility x(«^) is pure imaginary for a> <C I\ 
according to Eq. (98), The complex square of the index of refraction, n-, 
is then given for oj <^ F by 

where 

Wp2 =±^$.. (101) 

There are two limiting cases of a **purely- resistive medium*' with quali- 
tatively different physical characteristics. 



Can 1: "DHutoi resistive medium" 

That memos oj, P. and tc„ satisfy the relations 

Then according to Eq. (100) we have 

with neglect of higher-order, terms. Then j 

Ar = n — =»: ^»-tt — 7^ 5=3 1 ' — Q QC. (104) 

where we used Eqs. (101) and (93) in the last equality. The real part of k 
is equal to u>/c» just as in vacuum. The imaginary part is much smaller 
than the real part. The imaginary part of ifc gives an exponential attenua- 
tion of a. traveling plane wave- The m.cian attenuation length is large 
compared with one wavelength. The intensity of the plane wave is pro- 
portional to the absolute square* of the complex amplitude* Therefore it is 
exponentially attenuated with distance by ja factor exp (~2Jc/s), where kj 
is the imaginary part of k: The distance d = (Zk/)* 1 in which the intensity 
is attenuated by a factor is given by Eq, (104): 

4 - 2fc, = H abc, i-e., £H£ = ±L . ' (105) 
d c do 



The "resistance per square" of a square s3ab of dilute resistive medium 
having slab thickness d and edge lengths L is! the DC resistivity divided by d. 
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That equals 4^/c = 377 ohms per square, according to Eq. (105). You 
may recdl lhat 377 ohms per square is the characteristic impedance for 
perfect termination" of an electromagnetic plane wave. (See Chan a n 
Of course the w*ve is not absorbed in just one exponential decay length d 
tuaHy absorbed." P raetica31 y »™* * reflected, and it fa at) Hen- 

More precisely, since the real part of n is essentially unity and the imag- 
inary part is small compared with unity, the fractional refieeted intensity 
for a plane wave normally incident from vacuum is given by 

IR13 - (g* - D 2 ± "J 2 — 0 4- tt/Z _ , 

1 ' fa* + l)^ H- nr 2 2 2 -f- rt'j* 4~ '("W) 

Using Eqs. (103) and (105) this becomes 

'^ = W(^) S = (^^ (197, 
where ft S==£/u> is the "reduced" wavelength in vacuum. 

Cm 2: "Dense r«*l*tlvft nrudfurw" 
That n)e*ns we have tho relations 




gives 

=[<^r=(i£ra+o= w iL+o (109) 



The* VS- 

Tien the real and imaginary parts of ^ are equal. Each is large compared 
to the vacuum value of k (that is. »/c) T The mean penetration distance 
for the amplitude, k,-*, is small compared with the vacuum wavelength 
It then turns out that a plane wave incident from vacuum to a dense 
resistive medium is reflected with practically ho absorption. That is be 
cause the penetration distance is so small that relatively few charges fe-l 
any electric field. Those which do feel it are at terminal velocity, in phJL 
with E x , and. hence are absorbing energy. However they are so few that 
the wave "escapes'* with little loss of intensity. 



